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Clinical trial

Double-blind randomised clinical trial of a pepsin-
inhibitory pentapeptide (pepstatin) in the treatment
of duodenal ulcer
0. BONNEVIE', L. B. SVENDSEN, J. HOLST-CHRISTENSEN,
T. STBEHR JOHANSEN, J. S0LTOFT, AND P. M. CHRISTIANSEN

From the Medical and Surgical Department of Gastroenterology, Hvidovre Hospital, University of
Copenhagen, Denmark

SUMMARY In a double-blind randomised clinical trial a specific inhibition of peptic activity with a
pentapeptide, pepstatin, had no significant advantage over placebo in the ulcer healing and sympto-
matology of duodenal ulcer. Thus, the inhibition of pepsin in human gastric juice does not appear
to have a major influence on the healing of duodenal ulcer.

Secretion of acid and pepsinogen are important in
the pathogenesis of the ulcer disease (Schiffrin and
Waffen, 1942; Alphin et al., 1977). Neutralisation or
reduction of acid output has so far formed the basis
of most medical and surgical treatments in ulcer
diseases. Few data are available on the clinical
importance of an elective inhibition of the peptic
activity. Most studies have focused on amylopectin
sulphate (SN-263), which, however, seems to protect
protein against the proteolytic activity of free pepsin
ratherthan to precipitate the pepsin itself(Cammarata
et al., 1971; Berstad, 1974; Kim et al., 1975).
Amylopectin sulphate seems to accelerate gastric
ulcer healing (Zimmon et al., 1969) and to promote
a prophylactic effect on the recurrence rate of
duodenal ulcer (Sun and Ryan, 1970). However, the
drug has been reported to have neither a direct
symptomatic effect in patients with radiologically
demonstrated duodenal ulcer (Cocking, 1972; Baron,
et al., 1977) nor an influence on the ulcer healing rate
in patients with an active duodenal ulcer, when
evaluated radiologically (Cocking, 1972) and endo-
scopically (Landecker et al., 1976).

Specific inhibition of the peptic activity by
precipitation of pepsin has not been studied in a
clinical trial. Umezawa (1970) developed a penta-
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peptide, pepstatin, (isovaleryl-L-valyl-4-amino-3-
hydroxy - 5 - methylheptanol - L- alamyl - 4-amino - 3-
hydroxy-6-methylheptanoic acid, molecular weight
686), which binds pepsin in an equimolar pepsin-
pepstatin complex devoid of proteolytic activity
(Kunimoto et al., 1972).

In vitro and in vivo experiments have shown that
pepstatin reduces the peptic activity in gastric juice
to a greater extent (about 90%) (Svendsen et al.,
1976) than amylopectin sulphate (about 50%)
(Berstad, 1974). In this study the effect of pepstatin
on duodenal ulcer healing and symptomatology
was compared with that of placebo.

Methods

The study comprised consecutive patients with
epigastric pains and a duodenal ulcer verified by
endoscopy and documented by photography. Ulcers
in the duodenal bulb, pyloric canal, and the prepyl-
oric area within 1 cm from the pylorus were included.
Patients with haematemesis or melaena were
included only if the bleeding did not require
surgery within the first 24 hours after the diagnostic
endoscopy.

Patients in whom a stomach operation had been
previously performed or in whom a coexisting
gastric ulcer was demonstrated were excluded.
The study was carried out as a double-blind

randomised clinical trial with registration of the
clinical symptoms and morphological findings.
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Pepstatin was given as 100 mg capsules seven times
per day on fixed hours. This dosage should, accord-
ing to the in vivo experiments, be sufficient to inhibit
the peptic activity of gastric juice for 18 hours a day
(Holm and Berstad, 1976). An identical looking
placebo capsule containing 99% lactose and 1%
magnesium stearate was given in the same dosage.
All patients were told to eat normal meals frequently,
advised to reduce tobacco, coffee, and alcohol
consumption and further instructed to stop intake
of aspirin. Patients reporting relief of pains by meals
and/or antacids were offered trisilicate tablets
neutralising 8-5 mmol acid. Antacids with aluminium
hydroxide, which also has a pepsin inhibitory effect
(Piper and Fenton, 1964), and anticholinergic drugs
were not allowed. Treatment was given for six weeks,
unless complete ulcer healing as well as absence of
symptoms were observed within that period.
Clinical symptoms, acid output, endoscopic and
radiological findings were recorded at the beginning
of the trial. Repeated endoscopies were performed
after two, four, and six weeks of treatment. The
endoscopist had no information about actual
symptoms or previous findings. The ulcer size was
measured by using the open tips of a biopsy forceps
(6 mm) as a reference. At each check symptoms were
recorded in a questionnaire. Furthermore the patients
kept diaries in which presence of pains, consumption
of antacids and test capsules were recorded.

Evaluation of differences between qualitative data
were analysed by Fischer's exact test and the x2
test. Differences between quantitiative data were

analysed by the Mann Whitney test. The level of
significance was 5 %.

Results

Sixty consecutive ulcer patients admitted to the
medical and surgical departments of Hvidovre
Hospital as in- or outpatients fulfilled the criteria for
entering the trial. During the study only one patient
declined to take part, and two patients were not
included because of mental incapacity. Four patients
were withdrawn from the trial because of symptoms
demanding operation: two patients in the pepstatin
group before the first check because of bleeding and
intolerable pains, and two patients in the placebo
group after one and four weeks, respectively, because
of pyloric stenosis and suspicion of pancreatic cancer.
Another two patients receiving the placebo defaulted
from the follow-up at the first and second check,
respectively. Thus, a total of 54 patients completed
the trial, of whom 28 were treated with pepstatin and
26 with placebo. Data on history and laboratory,
radiological, and initial endoscopic findings for the
two groups are listed in Table 1. The two groups did
not differ significantly by any measurement or in the
registration of patient compliances judged on the
basis of the diaries. Twenty-six patients (43 %) were
initially admitted to hospital as inpatients, but
discharged after an average period of 7f1 days;
there was no significant difference between the groups
in this respect (Table 1). No patient stayed in hospital
during the complete period of treatment. It was noted
that all except two patients also had radiological
indications of a duodenal ulcer.

ENDOSCOPIC HEALING

Complete ulcer healing was observed in 14 of 28

Table 1 Comparison of treatment groups

Characteristics Pepstatin (28 patients) Placebo (26 patients)

Age (yr) 58-1 ± 3-3 (33-80)* 62-0 ± 2-9 (32-85)
No. of male patients 21 15
No. with nocturnal pains 13 12
No. with haematemesis/melaena 5 5
Median length of history (yr) 4 4
No. of cigarette smokers 21 22
No. of cigarettes per user per day 10-5 i 19 9 0 ± 1-7
No. of drinks per user per day 4-2 + 1-3 3-3 ± 1-3
No. with positive x-ray findings 28 24
Initial ulcer size (mm') 74 9 18-3 114-6 + 40 3
Average no. of capsules per dayt 6-7 0-1 6-7 + 0-1
No. initially admitted to hospital 13 13
Average period of hospitalisation (weeks) 5-8 2-3 7-2 2-1

Pepstatin Placebo

Mean SI SEM Range Mean SI SEM Range

BAO 4-1 6-7 1-2 (0-0-34 1) 3-8 4-5 0 9 (0 0-152)
PAO 33-6 16-2 3-1 (100-67-2) 37-0 19-6 3-8 (8-5-88 0)

None of the differences between the groups was statistically significant at the 5% level.
*Mean ± SEM, with range in parentheses.
tAccording to patients' diaries.
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Table 2 Endoscopic findings in each group according to initial size of ulcer*

Ulcer size Pepstatin Placebo

mm2 d(mm) Ulcer healed Ulcer not healed Ulcer healed Ulcer not healed

0 < x < 78-5 d < 1 0 11 11 ll 8
785 < x <314-0 10 < d <20 3 2 2 3

314-0 < x 20 < d 0 1 2 0

Total 14 (50%) 14 15 (582%) 11

*Data expressed as number of patients in each group, with peicentage of total group in parentheses.

patients (50 %) in the pepstatin group and in 15 of 26
patients (58 %) in the placebo group. Thus, healing
was not significantly different in the two groups,
neither totally nor analysed according to the initial
ulcer size (Table 2). Furthermore-in cases with
complete healing-there was no significant difference
in healing time between the two groups (Table 3).
TA (time lapse for 50% ulcer size reduction) for
completely healed ulcers initially having a diameter
less than 20 mm was 1-3 and 1-4 week in the pepstatin
and placebo group, respectively.

Table 3 Healing time in completed healed ulcers in
each treatment group*

Time of complete healing Pepstatin Placebo
(weeks) (no.) (no.)

2 4 5
4 7 4
6 3 6

Total 14 15

*No siginificant difference between groups.

The complete healing rate was not significantly
different in the two treated groups among patients
with ulcer in the duodenal bulb (29 cases) and in the
pyloric canal/prepyloric area (25 cases), respectively.
Initial inpatient treatment had no influence on ulcer
healing (Table 4).

Fourteen patients treated with pepstatin and 11

patients receiving placebo did not obtain complete
ulcer healing. The reduction in size at the end of the
trial was not significantly different in the two groups
(Table 5).

SYMPTOMATIC RESPONSE
Complete absence of symptoms occurred in 17
patients (61 %) receiving pepstatin and in 16 patients
(62%) receiving placebo, after an average period of
13 2 and 18-5 days of treatment. These differences
were not statistically significant. The number of
patients without symptoms despite the presence of an
ulcer after six weeks of treatment was three in the

Table 4 Complete ulcer healing and period of
hospitalisation in patients initially admitted to hopsital

Hospitalisation (days)*

Endoscopic finding Patients Pepstatin Patients Placebo
(no.) (no.)

Healed 8 3-6 ± 07 7 7-1 2-4
Not healed 5 9 4 5-2 6 9 5 ± 40

13 13

Neither the differences in rate of ulcer healing nor the period of
hospitalisation between the groups was statistically significant at the
5 % level.
*Mean ± SEM

pepstatin group and two in the placebo group. On
the contrary, one and two patients with completely
healed ulcer in each group respectively still had
epigastric pains at the end of the trial. Among all
patients with persistent symptoms after the trial only
three treated with pepstatin and one treated with
placebo claimed that the symptoms were unchanged
or worsened.
The intake of antacids was, on average, 58 9

tablets among 23 consumers in the pepstatin group
and 64-9 tablets among 20 consumers in the placebo
group; this is not a significant difference. No side-
effects were observed.

Discussion

In theory, an unfortunate chance variation in ulcer
healing in the two groups, the effects of concurrent
antacid consumption, or any unequal influence of
inpatient treatment could have obscured a true and
important healing effect of pepstatin. All seem
unlikely. Antacid consumption was modest and
equal in the test and control groups, the proportions
of inpatients were likewise equal in the two groups,
and, finally, examination of the standard
error of the treatment difference in the two patient
groups (SED: 0-135) suggested that a true effect
favouring pepstatin concealed by random variation
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Table 5 Reduction in size of incompletely healed ulcers in each group after six weeks of treatment*

Ulcer size Pepstatin Placebo

Initial After 6 weeks Reduction rate % Initial After 6 weeks Reduction rate %

0 < x 6 785 38-2 330 136 518 43-4 16-2
78 5 < x 6 314-0 144-9 107*5 25 8 145-2 124-2 14-5

314-0 < x 471-Ot 125-0 73-4 - - -

*Average ulcer size. No significant difference between treatment groups in different categories of size.
tOne patient.

in small numbers should not exceed 18'5 %, this
would be clinically insignificant.
Apart from these considerations the present study

is in agreement with a trial by Landecker et al. (1976),
who found no advantage in amylopectin over
placebo. In the development of experimental ulcers
the presence of peptic activity was shown to be an
important factor (Alphin et al., 1977). This experi-
ence from in vivo studies in animals fits in with Sun
and Ryan's study (1970) showing that duodenal
ulcer patients treated prophylactically with amylo-
pectin sulphate had a lower recurrence rate than
placebo-treated patients. Thus, the peptic activity
of gastric juice appears to be an essential factor in
the formation of an ulcer, but seems to have no
major effect on either healing or symptoms once the
ulcer has been formed.
The lack of effect of pepstatin in our study

could be explained by binding of pepstatin to food
or loss of pepstatin through the pylorus. Berstad and
coworkers (personal communication) found no
decrease in pepstatin's peptic binding effect when a
surplus of fibrin was added to the medium, and the
dose of pepstatin we used was capable of binding
over 30 times an average 24 hours pepsin secretion
(Svendsen et al., 1976).
However, the methods of examining pepsin and

peptic activity are complex, and by small changes
in methods different fractions of pepsin are distin-
guished (Samloff and Dadufalza, 1977). Some
fractions may be of greater importance for ulcer
formation than others (Taylor, 1961), and some may
not be inhibited by the pepstatin we used. Aoyagi
et al. (1970) has purified several compounds with
pepsin-binding properties, and more laboratory
studies are needed before the role of pepsin in ulcer
pathogenesis can be substantiated.

Pepstatin and placebo capsules were supplied by
H. Lundbeck & Co. A/S, Copenhagen. The authors
are grateful to cand. pharm. H.-E. H0pfner Petersen,
Department of Research, H. Lundbeck & Co. A/S,
for his valuable collaboration.
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